INTRODUCTION
A double outlet right ventricle (DORV) includes a broad spectrum of anatomic variants and associated malformations, and the optimal management remains controversial. The preferred surgical approach for a DORV is an intraventricular tunnel with or without extracardiac procedures such as an arterial switch operation or a right ventricle-to-pulmonary artery conduit formation (Rastelli procedure). Regardless of its preoperative morphology and the type of operation, obstructive subaortic lesions after biventricular repair of a DO-RV may develop, even in the presence of a sufficient left ventricular outflow tract and a non-restrictive ventricular septal defect (VSD). This report presents our 10-yr experience with the surgical management of left ventricular outflow tract obstruction (LVOTO) after biventricular repair of a DORV.
MATERIALS AND METHODS
Between 1996 and 2006, 15 patients underwent reoperation for subaortic stenosis after biventricular repair of a DORV at Seoul National University Children's Hospital and Sejong General Hospital. Two of the patients underwent biventricular repair elsewhere. The other patients underwent biventricular repair between 1985 and 2000, and 295 patients underwent biventricular repair in the same period. Therefore, the incidence of subaortic stenosis after biventricular repair of a DORV was 4.4% (13/295) .
The diagnosis of a DORV and subaortic stenosis after biventricular repair of a DORV was based on a combination of preoperative echocardiographic and angiographic findings as well as surgical inspection. A diagnosis of DORV was made with the application of the '50% rule' that one great artery originate entirely and the other more than 50% from the right ventricle (1, 2) . The term 'non-committed VSD' was used to des-
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cribe a VSD which lies at a distance from both the aortic and pulmonary annulus greater than the aortic diameter (3, 4) . The term 'DORV-TGA type' (or Taussig-Bing anomaly) was a DORV with a subpulmonary VSD and without pulmonary stenosis, originating the aorta entirely and more than 50% of the pulmonary artery from the right ventricle (5, 6) .
Based on the surgical techniques used for subaortic stenosis repair, we divided the patients into two subgroups; the Extended Septoplasty (ES) group (n=9) and the Fibro-Muscular Resection (FMR) group (n=6). Preoperative conventional angiography was performed in 13 patients (8 in the ES group, 5 in the FMR group). But left-sided angiography was not performed in one of them, in the FMR group, because of floating tissue in the left ventricular outflow tract (LVOT). Therefore, there were 12 angiography-proven left ventricleto-aorta peak pressure gradients. Magnetic resonance angiography or echocardiography were performed in the other 2 patients. In the ES group, the main cause of a reoperation was LVOTO with a peak pressure gradient of more than 50 mmHg except for one patient, who had a peak pressure gradient 15 mmHg and required a reoperation for right ventricle-to-pulmonary artery conduit stenosis. By contrast, in the FMR group, the main cause of reoperation was not LVOTO, but right ventricle-to-pulmonary artery conduit stenosis (n= 2), severe pulmonary regurgitation combined with a right ventricular outflow tract (RVOT) aneurysm (n=1), a neoaorta stenosis after an arterial switch operation (n=1), an ascending aortic aneurysm (n=1) and pacemaker failure (n=1). All patients in the FMR group had a peak pressure gradient less than 30 mmHg. Therefore, the ES group had a significantly higher peak pressure gradient than the FMR group (70.8 ±35.5 mmHg, n=8 and 20.5±4.9, n=4 respectively, P= 0.048). All but one patient in the ES group had a long-tunnel shaped LVOTO. On the other hand, all but one in the FMR group had a localized LVOTO.
We reviewed the clinical records including operative reports, pre-and postoperative echocardiographic and angiographic studies retrospectively. Seoul National University Hospital Institutional Review Board (study approval number H-0603-093-170) approved this study and individual consent for the study was waived due to its retrospective medical record review design.
Patients characteristics
Of the 15 patients, nine were boys and six were girls. Overall, the mean age at the time of biventricular repair of the DORV was 23.3±18.3 months (ranged from 1.1 to 64.2 months, median age 23.1). The ES group was younger than the FMR group at the time of biventricular repair of the DO-RV; this difference was not significant (21.6±19.2 months and 25.9±18.2 respectively, P=0.864). The initial diagnosis of a DORV was the VSD type (DORV with subaortic VSD) in 3 patients, the Fallot type (DORV with subaortic or doubly committed VSD and pulmonary outflow stenosis) in 8, the non-committed VSD type in 3 and TGA type in 1 patient.
Five patients in the ES group and four in the FMR group had an initial subaortic stenosis including a restrictive VSD or subaortic conal or septal hypertrophic lesions. One in the ES group had an anomalous tricuspid chordae attachment to the conal septum. The patient with the Taussig-Bing anomaly had a single coronary artery pattern from the right coronary sinus. One in the FMR group had an atrioventricular septal defect (AVSD). Two in the FMR group underwent modified Blalock-Taussig shunt and no patient underwent pulmonary artery banding before the biventricular repair.
Initial biventricular repair of the DORV
Fourteen patients underwent a tunnel construction from the left ventricle to the aorta and one patient with the Taussig-Bing anomaly in the FMR group underwent an arterial switch operation with a patch committing the left ventricle to the pulmonary artery (neo-aorta). Four patients in the ES group and two in the FMR group required anterior or anterocaudal VSD enlargement, resection of the subaortic conal or septal hypertrophy or both for the treatment of initial subaortic stenosis. Concomitant procedures were as follows: tricuspid valve chordae transfer who had an anomalous tricuspid chordae attachment to the conal septum (n=1), mitral annuloplasty (n=1) in the ES group and AVSD repair (n=1), tricuspid valvuloplasty (n=1) in the FMR group.
No patient had a LV-to-Aorta peak pressure gradient (DP) more than 20 mmHg by echocardiography at hospital discharge. Three patients required a permanent pacemaker implantation due to heart block in the FMR group. There were two reoperations after the biventricular repair: repair of a residual VSD in the ES group (n=1), and mitral valve replacement in a patient with AVSD in the FMR group (n=1).
Surgical techniques
Fibromuscular resection was usually performed through transarterial approach and transatrial when needed. It depended on surgeon's preference whether extended septoplsty was performed. Extended septoplasty was first described at 1990 in patients with subaortic stenosis after VSD repair (7). We performed an extended septoplasty as follows (Figs. 1, 2) . A longitudinal incision was made at the previous patch, and extended toward the apex, beyond the patch, into the apical interventricular septum. It was extended into the conal septum avoiding direct injury to the aortic valve. The new patch was then trimmed along the extended incision, and inserted to secure a sufficient pathway in the LVOT.
Statistical analysis
Statistical analysis was performed using SPSS 12.0K soft-ware (SPSS, Inc, Chicago, IL, USA). Continuous variables were compared using the Mann-Whitney U test and discrete variables were analyzed using Fisher's exact test. All data are expressed as mean±standard deviation with ranges. The P values less than 0.05 were considered significant.
RESULTS
There were no early or late deaths and there was complete follow-up for all patients. Only one patient in ES group had a postoperative pressure gradient >20 mmHg (from 70 mmHg by angiography to 25 by echocardiography) at hospital discharge. The overall time for patient follow-up ranged from 16.5 months to 10.9 yr with a mean follow-up of 5.6±2.7 yr. The overall recent peak pressure gradient was 11.2±11.4 mmHg (13.9±11.2 mmHg in ES group, and 7.2±11.3 in FMR group). Three patients had a newly developed peak pressure gradients >20 mmHg by recent echocardiographic follow-up (25 mmHg and 34 in ES group, 25 in FMR group respectively).
According to the intraoperative findings, all patients in the FMR group had LVOTO mainly caused by subarterial conal muscle hypertrophy with a non-restrictive VSD inlet. And eight patients had subarterial muscle hypertrophy or residual conal septum, who underwent simple fibromuscular resection coincidentally, and 4 had a restirictive VSD inlet in the ES group.
The concomitant procedures were as follows: aortic valvuloplasty (n=3:2 planned and 1 unexpected), tricuspid annuloplasty (n=1), pulmonary valve replacement (n=3), right ventricular outflow tract widening (n=2) and main pulmonary artery angioplasty (n=1) in the ES group, and unexpected aortic valvuloplasty (n=1), tricuspid valvuloplasty (n=1), pulmonary valve replacement (n=1), and a left and right pulmonary artery angioplasty (n=1) in FMR group.
The aortic valve was injured in one patient in each group during the procedures associated with the relief of subaortic stenosis. Primary repairs were done in these patients, and additional pericardial patch repair of perforated site was performed at 17 months after the operation for LVOTO in one patient of FMR group. This patient showed moderate aortic regurgitation by recent echocardiography. The other patient showed mild aortic regurgitation at 56 months postoperative echocardiography follow-up. Heart block, which required the implantation of a permanent pacemaker, developed in one patient in the ES group and two in FMR group. No patient re- * quired reoperation for recurrence of a LVOTO. Table 1 includes preoperative, biventricular repair, reoperative and follow-up data which compared between the two subgroups.
DISCUSSION
Subaortic stenosis can occur after surgical repair of several congenital heart defects without an initial LVOTO such as coarctation of the aorta, atrioventricular septal defect, DORV, simple VSD, transposition of the great arteries with a VSD and pulmonary stenosis, an interrupted aortic arch, and tetralogy of Fallot (8, 9). In the case of a DORV, especially with a non-committed ventricular septal defect, new surgical techniques have been reported to resolve the problem of ventricular outflow tract stenosis (4, 10) . Nevertheless, an intraventricular repair may form a long and akinetic area in the LVOT.
Subaortic stenosis, such as a restrictive ventricular septal defect and a subaortic conal or septal hypertrophy, which may develop after pulmonary artery banding, may be present before biventricular repair of the DORV. Subaortic stenosis is an independent risk factor for LVOTO after biventricular repair of a DORV (11) and it is important to relieve the subaortic stenosis completely during the biventricular repair by means of VSD enlargement and resection of the conal septum (12) . However, subaortic stenosis after biventricular repair of a DORV may develop in 3.5-5.5% of cases, even in the presence of a sufficient LVOT and a non-restrictive VSD (11, 13, 14) .
Many possible factors can explain the development of a LVOTO after biventricular repair of a DORV. A subaortic *calculated by means of echocardiography; � measured by angiography. ES, extended septoplasty; FMR, fibro-muscular resection; DORV, double outlet right ventricle; VSD, ventricular septal defect; TB, Taussig-Bing; nc-VSD, non-committed ventricular septal defect; PS, pulmonary stenosis; ASO, arterial switch operation; DP, left ventricle-to-aorta peak pressure gradient; RV-PA, right ventricle-to-pulmonary artery; LVOTO, left ventricular outflow tract obstruction; NYHA Fc, New York Heart Association functional classification. septal or conal muscle hypertrophy or fibrous tissue deposits caused by turbulent flow and the sinuous shape of the tunnelization (11); the decrease in the effective VSD size caused by the baffle itself or fibrous tissue around the VSD or the baffle (15); the diminution of the VSD orifice (11, 15) . In addition, growth of the heart without concomitant increases in size of the VSD and baffle (11) and retraction or kinking of the baffle patch (15). Rychik and coworkers suggested 'geometric changes' (16) ; the left ventricle undergoes geometric changes after a Rastelli operation or intraventricular repair for a DORV and subaortic obstruction may develop in patients with the greatest degree of ventricular contraction and VSD diminution early after biventricular repair. Subaortic stenosis includes a broad spectrum of pathology from a subaortic membrane to a tunnel-like obstruction, and surgical procedures are chosen based on the anatomical type of subaortic stenosis. The surgical management of the LVOTO remains a surgical challenge in view of the goal of preservation of the aortic valve and the conduction system, ensuring complete relief of the LVOTO, and avoiding the recurrence of the LVOTO. In this study, all but one patient in the ES group had a long-tunnel shaped LVOTO (Fig. 3) . On the other hand, all but one in the FMR group had a localized discrete LVOTO. Since the peak pressure gradient did not always correlate with the severity and morphologic features of the LVOTO, it is not always an indication for a certain type of surgery. Kalfa and coworkers (9) reported five recurrent LVOTOs after 33 surgical procedures for secondary (acquired) subaortic stenosis, after surgery for congenital heart anomalies. Belli and colleagues (11) reported that none of the six patients who underwent extended septoplasty required further reoperation, but four of nine patients who underwent fibromuscular resection or septal patch enlargement required further reoperation, and they suggested (3) a 'two stage management': the biventricular repair and reoperation for progressive subaortic stenosis in patients with a DORV non-committed VSD type. Considering the recurrence of LVOTO, extended septoplasty may be considered the preferred technique especially in cases with a long-tunnel shaped LVOTO, even if the left ventricle-toaorta peak pressure gradient is not very high.
In this study, the fibromuscular resection group had a lower peak pressure gradient than the extended septoplasty group, because the fibromuscular resection group required closer observation so that early detection and surgery for the other causes could be performed before the LVOTO progressed.
Concerning the surgical relief of the LVOTO, the fibromuscular resection and extended septoplasty are alternatives to consider on a case-by-case basis. In this study, the extended septoplasty reduced the peak pressure gradient effectively from 70.8±35.5 mmHg to 13.9±11.2 especially in the patients with a long-tunnel shaped LVOTO. There was no difference in the early and late mortality, current functional status and morbidity, directly associated with the procedures, such as reoperation for recurrence and direct injury to the aortic valve or conduction systems. The fibromuscular resection is useful in patients with a mild or discrete subaortic stenosis especially combined with other sophisticated surgical problems because it is relatively simple, less time-consuming and the operator can focus on other complex procedures. In this study, surgical results for the fibromuscular resection were satisfactory considering the effective reduction of subaortic stenosis, no death, easily combined with other sophisticated procedures and no recurrence of the LVOTO.
There were some limitations in this study. At first, the overall follow-up period after surgery for the relief of subaortic stenosis (5.6±2.7 yr) is somewhat shorter than the overall interval from biventricular repair to reoperation (9.5±6.3 yr). Therefore, a further follow-up is needed, especially in three patients with newly developed peak pressure gradient >20 mmHg. In addition, the main reason for reoperation was LVOTO with a high peak pressure gradient in the extended septoplasty group, however, there were other causes than a LVOTO in the fibromuscular resection group. Considering this baseline difference, it is difficult to compare the outcomes of the two groups directly. Finally, this study was not a controlled and randomized trial but a retrospective medical record review study. Because the initial biventricular repairs were performed between 1985 and 2000, there were some confounding factors, such as technical improvements in the biventricular repair and understanding of LVOTO developmental mechanisms.
In conclusions, for surgical relief of subaortic stenosis after biventricular repairs of a DORV, fibromuscular resection and extended septoplasty are alternative options for surgery. Fibromuscular resection shows satisfactory results in cases with mild, discrete subaortic stenosis especially when combined with other surgical problems, and extended septoplasty is a safe and effective method and ensures complete relief of subaortic stenosis. The extended septoplasty is an excellent choice for surgery, especially in cases with a long-tunnel shaped LVOTO.
